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(54) My-Oxo-aluminum/gallium phthalocyanine dimer 

(57) The present invention provides novel ji-OxD-aluminum/gaHium phthalocyanine dimer having a structure of the 
formula (A): 




(A) 



The ^xo-aluminum/gallium phthalocyanine dimer, and the mixed crystals comprising the p-oxo-aluminum/gallium 
phthalocyanine dimer are suitable as a charge generating material for an organic photoconductive material, such as an 
electrophotographic photoreceptor. 
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Description 

[0001] "The present invention relates to novel ^-axo-aluminum/gallium phthalocyanine cfimer (|i-oxo-aluminum 
phthalocyanine and gallium phthalocyanine dimer) which is preferred to be employed for a photoconductrve material, a 
mixed crystal of the ^-oxo-aluminum/gallium phthalocyanine dimer having a novel polymorph, a process for preparing 
the same, and an electrophotographic photoreceptor using the same as a charge generating material. 
[0002] In an electrophotographic apparatus such as a copying machine, a printing machine and the like, an organic 
photoconductor (OPC) which is sensitive to irradiation of a light sauce mounted on the apparatus, have been widely 
employed. An OPC is generally classified as that of mono-layered construction and of bi-layered construction. A mono- 
layered OPC is the one which has a mono-layered photoconductrve layer composed of a resinous matrix and a charge 
generating material and a charge transporting materia] dispersed in the resinous matrix. A bi-layered OPC is the one 
which has a bi-layered photoconductive layer composed of a charge generating layer and a charge transporting layer 
laid thereon. The charge generating layer comprises a resinous matrix and a charge generating material dispersed 
therein. The charge transporting layer comprises a resinous matrix and a charge transporting material dispersed 
therein. 

[0003] An organic photoconductive substance which is sensitive to irradiation wavelength region of semi-conductor 
laser (about 800 nm). has been a matter of interest in the art as a charge generating material. 

[0004] A lot of OPC employing such an organic photoconductrve substance as an active ingredient, have also been 
proposed. Examples thereof include an OPC which contains a titanyl phthalocyanine compound as a charge generating 
material. 

[0005] In recent years, dezrtization and speeding up of a copying machine, or a printing machine is progressing. 
Thus, with respect to the OPC which is for use in an electrophotographic apparatus such as a copying machine, a print- 
ing machine and the like, improvement of photoresponse. stability, and durability are strongly desired. 
[0006] Phthalocyanine (This is hereinafter referred to as "Pc".) shows wide variety of electronic properties depend- 
ing on a kind of the central metal atom bonded thereto, on a kind of the peripheral substituent, and on a kind of prepar- 
ing process or treating process. It is also known to the art that even if the chemical structure of Pc is equal, when 
stacking state of the molecules of Pc is different electronic properties thereof may vary widely. 

[0007] The stacking state of an organic compound is determined by a polymorph of the compound. That is. the pol- 
ymorph of the compound determines an electronic state, particularly a perturbation of it electron of the compound. 
Therefore, the polymorph of the compound is an important factor for improving electronic properties of an organic pho- 
toconductive material. 

[0008] With reference to the technical background, energetic research and development of a novel photoconductive 
substance, and a novel polymorph thereof are conducted for achieving a high-performance charge generating material. 
For example, a charge generating material excellent in stability and durability of photoresponse, and shows middle to 
high photoresponse, which is suitable for short wavelength irradiation of light emitting diode (LED) or for an OPC of a 
colour laser beam printing machine (LBP), is desired. 

[0009] A phthalocyanine compound is typical photoconductive substance. Hyofroxyaluminium Pc, and hydroxy gal- 
lium Pc, various polymorphs thereof for example has been investigated, and are practically applied to an electrophoto- 
graphic photoreceptor. For example, JP-A-931 50/1 993 describes hydroxyaluminium Pc having a specific polymorph. 
[001 0] JP-A-21 441 5/1 994 describes some kinds of hydroxymetal Pc. 

[0011] JP-A-501 760/1 985 describes hydroxyaluminium Pc having a specific XRD Bragg angle in which green 
absorption is decreased. 

[0012] JP-A- 249716/1993. 263007/1993. 279591/1993. 53892/1995 and 67946/1 998 describe a novel polymorph 
of ftydroxyg allium Pc. 

[0013] Journal of Japanese Chemical Society "Chemistry and Industrial Chemistry". 1997. No. 12, pages 887 to 
898, YAMASAKI >rasuhiro et al. descrtoes ji-oxo-metal (A!, Ga In) Pc dimer as a charge generating material (CG mate- 
rial) with respect to alignment thereof in a polymorph, or to the method for making it sensitive to short wavelength irra- 
diation. 

[0014] JP-A^362653/1992 and 184452/1992 describe an electrophotographic photoreceptor, and a coating liquid 
therefor which contain a ^-oxo-metal (III, IV) Pc derivative. 

[001 5] JP-A-2 1 7020/1 997. and 88023/1 998 describe p-oxo-a!uminum Pc dimer, and p-oxo-gallium Pc dimer, each 
having a specific polymorph. JP-A-295259/1995 describes alkoxy crosslinked metal Pc dimer. 

[0016] The object of the present invention is to provide a novel photoconductive substance which shows varied 
photoresponse and electric property. 

[0017] The present invention provides ^-oxo-aluminum/gallium Pc dimer having a structure of the formula (A): 
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[0018] The present invention further provides a mixed crystal comprising ji-oxo-aluminum/gaHium Pc dimer (A). 
The mixed crystal may comprise ^-oxo-aIum^num Pc dimer (B). ji-oxo-gallium Pc dimer (C), or both u-oxo-aluminum Pc 
20 dimer (B), and fi-oxo-gallium Pc dimer (C): 
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[0020] Examples of the mixed crystal of the present invention are as follows: 
[0021] The mixed crystal having a polymorph which shows diffraction peaks at a Bragg angle (26 ± 0.2°) of 6.6°, 
15.2 0 , 22.5°, 23.0° and 24.0° in an X-ray diffraction spectrum by CuK a-ray [l-form, Fig. 3 shows X-ray diffraction spec- 
trum]; 

5 [0022] The mixed crystal having a polymorph which shows diffraction peaks at a Bragg angle (26 ± 0.2°) of 6.9°, 
15.5°, 13.3° and 24.1° in an X-ray diffraction spectrum by CuK a-ray [Amorphous-form. Rg. 4 shows X-ray diffraction 
spectrum]; 

[0023] The mixed crystal having a polymorph which shows diffraction peaks at a Bragg angle (26 ± 0.2°) of 6.8°, 
9.7°, 15.4° and 23.9° in an X-ray diffraction spectrum by CuK a-ray [I l-form, Fig. 5 shows X-ray diffraction spectrum]; 
io [0024] The mixed crystal having a polymorph which shows diffraction peaks at a Bragg angle (26 ± 0.2°) of 6.7°, 
7.3°, 9.8°. 15.3°, 25.0° and 28.2° in an X-ray Effraction spectrum by CuK a-ray [IIMorm, Fig. 6 shows X-ray diffraction 
spectrum]; and 

[0025] The mixed crystal having a polymorph which shows diffraction peaks at a Bragg angle (26 ± 0.2°) of 6.4°, 
6.7°, 9.8° and 23.5° in an X-ray diffraction spectrum by CuK a-ray pV-form, Fig. 7 shows X-ray diffraction spectrum]. 
75 [0026] The present invention provides a charge generating material for use in an electrophotographic photorecep- 
tor which consists of the mixed crystal, and an electrophotographic photoreceptor which comprises the charge gener- 
ating material. 

Fig. 1 is an infrared absorption spectrum of l-form ^Kwo-alum^rnJm/galiium Pc dimer (l-form mixed crystal), which 
20 is prepared in Example 1 . 

Fig. 2 is a FD-MS spectrum of fi-axo-aluminunVgaliium Pc dimer (l-form, l l-form. Ill-form, and IV-form mixed crystal) 
of the present invention, which are prepared in Examples 1 to 7. 

Fig. 3 is a X-ray diffraction spectrum of l-form ^-oxo-aluminunvgallium Pc dimer (l-form mixed crystal), which is pre- 
pared in Examples 1, and 6. 

25 Fig. 4 is a X-ray diffraction spectrum of Amorphous-form ji-oxo-aluminum/gallium Pc o5ner (Amorphous-form mixed 
crystal), which is prepared in Example 2. 

Fig. 5 is a X-ray diffraction spectrum of I l-form ja-oxoaluminum/galiium Pc diner (I l-form mixed crystal), which is 
prepared in Example 3. 

Rg. 6 is a X-ray diffraction spectrum of Ill-form fx-oxo-alum'inum/gairium Pc diner (Ill-form mixed crystal), which is 
30 prepared in Examples 4, and 5. 

Fig. 7 is a X-ray diffraction spectrum of IV-form ^-oxo-aluminum/galiium Pc diner (IV-form mixed crystal), which is 
prepared in Example 7. 

Fig. 8 is a plot of results obtained by spectral response analysis of photoreceptors of the present invention. 
Ftg. 9 is a plot of results obtained by photoresponse durability analysis of photoreceptors the present invention. 
35 Rg. 10 is a plot of results obtained by potential durability analysis of photoreceptors of the present invention. 

[0X127] fi-Oxo-aluminum/gaJlium Pc dimer (A) of the present invention is a novel compound. The ji-oxo-aiumi- 
num/galiium Pc dimer (A); and a mixed crystal comprising ^-oxo-aluminum/gattium Pc dimer (A) may be prepared by 
the process as described hereinafter, but they are not limited to those prepared by the specific preparation process. 

40 [0028] Chiorogallium Pc and chloroaluminium Pc are prepared by first. 

[0029] A process for preparing chlorogaliium Pc is conventionally known to the art. Phthalonrtrile or 1,3-diimincH- 
soindoiine are allowed to react with gallium chloride in high boiling point organic solvent such as 1-chloronaphthalene 
and quinoline. The resulting product is hot filtered, and purified by washing with hot DMF and DMF. 
[0030] A process for preparing chloroaluminium Pc is conventionally known to the art. Phthalonrtrile or 1 ,3-diiminoi- 

45 soindoline are allowed to react with aluminium chloride in high boiling point organic solvent such as 1-chloronaphtha- 
lene and quinoline. The resulting product is hot filtered and purified by washing with hot toluene and acetone. 
[0031] The resulting chiorogallium Pc and chloroaluminium Pc are mixed, and acid pasting of the mixture by using 
concentrated surf uric acid is conducted. The resulting wet cake is sufficiently washed with water, and is added to a solu- 
tion of water and 25% ammonia to remove an acidic element. The filtered cake is sufficiently washed with water or ion- 

50 exchanged water and dried to obtain a blue solid (a mixture of hydroxymetal Pc and u-oxo metal Pc dimer). 

[0032] The blue solid is added to a water-immiscible solvent such as o-dichlorobenzene, ref luxed with stirring, and 
distilled out the resulting water. The reaction mixture is then hot filtered, washed with hot DMF. DMF, methanol, ion 
exchanged water, and dried to obtain a crystalline solid. 

[0033] The crystalline solid seems to be a mixed crystal comprising u-oxo-alurrunum/gallium Pc dimer (A), ji-oxo- 
55 aluminum Pc dimer (B), and u-oxo-gallium Pc dimer (C). The result of mass spectrometry shown in Fig 2 is supporting 
this fact 

[0034] The mixing ratio of chiorogallium Pc and chloroaluminium Pc may optionally be varied. For example it may 
be varied in the range of from 1/9 to 9/1 , preferably from 4/5 to 5/4. It is preferred that the mixing ratio is 1/1 in order to 
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maximize the formation 



of the dimer (A). 



[0035] The dinners (A), (B), and (C) of the mixed crystal of the present invention are the dimers synthesized from 
chtorogallium Pc and chloroaluminium Pc by hydrolysis and dehydration. Therefore, content ratio of the dimers (A), (B), 
and (C) is widely varied depending on the mixing ratio of chlorogallium Pc and chloroaluminium Pa Thus, the mixed 
5 crystal of the present invention may be composed of the dimers (A), (B), and (C); composed of the dimers (A), and (B); 
or composed of the dimers (A) and (C). 

[0036] However, it is preferred that the content of ^-oxo-aluminum/galiium Pc dimer (A) is larger than content of yi- 
oxo-aluminum Pc dimer (B), and larger than content of u-oxo-gallium Pc dimer (C) in the mixed crystal of the present 
invention. 

io [0037] u-Oxo-metal Pc dimer, for example u-oxo-gallium Pc dimer (C) in the present invention is generally prepared 
as shown in the following schema 



15 [0038] That is, chlorogaJlium Pc (Q-GaPc) is hydrolyzed to obtain hydroxygallium Pc (HOGaPc). The specific pro- 
cedure for this step is known to the art. 

[0039] For example, chlorogallium Pc is hydrolyzed in an acidic or basic solution, or acid pasting of chlorogallium 
PC by using concentrated sulfuric acid is conducted to obtain hydroxy gallium Pc. The specific procedure for this step is 
descrfoed in, for example Japanese Patent Kokai Publication No. 221459/1989, and 279591/1993. 
20 [0040] The wording "acid pasting by using concentrated sulfuric acid" means a process for finely dividing or purify- 
ing a pigment That is. the pigment is dissolved in concentrated sulfuric acid, preferably sulfuric acid having a concen- 
tration of not less than 95%. and the resulting solution is poured in ice water. 

[0041] The resulting hyc^oxygallium Pc is then heated and dehydrated to obtain ji-oxo-gallium Pc dimer (PcGa-O- 
QaPc). For example, hydroxyaluminium Pc is reJIuxed with stirring in a solvent such as o-dichlorobenzene, the resulting 

25 water is distilled out the reaction product is filtered, washed with DMF, with methanol and the like, and dried and milled. 
[0042] According to the preparing process of the present invention, hydrolysis and dimerization partially occur dur- 
ing the acid pasting by using concentrated sulfuric acid. Thereafter, heating and dehydration in a water-immiscible 
organic solvent having high boiling point is conducted to obtain l-form mixed crystal (polyrTxxph) of the present inven- 
tion substantially consisting of only ji-oxo-dimer. The specific polymorph of the l-form mixed crystal is novel. Fig. 3 

30 shows XRD spectrum of the l-form mixed crystal polymorph. 

[0043] Amorphous-form mixed crystal is obtained by dry milling the l-form mixed crystal. The specific polymorph of 
the Amorphous-form mixed crystal is novel. Fig. 4 shows XRD spectrum of the Amorphous-form mixed crystal. 
[0044] The wording "dry mill" or "dry milling" of the present specification means the procedure in which a solid sub- 
stance is milled by using no solvent The wording "mil!" or "milling" means the procedure in which a solid substance is 

35 finely divided with mechanical force. The mill or milling rs generally conducted on a dispersing machine such as a ball 
mill, a sand mill, a paint shaker, an attritor, and an automatic mortar, by using optionally a mill medium such as glass 
beads, steel beads, and alumina beads. 

[0045] The dry milling is continued until the specific peaks of the l-form mixed crystal disappears, and change of 
the XRD spectrum comes to stop, ft is conducted generally at room temperature for 20 to 100 hours, preferably 48 to 
40 72 hours. If the term of dry milling is less than 20 hours, formation of polymorph becomes insufficient and even if the 
term of dry milling is more than 100 hours, useful effect may not be obtained. 

[0046] When 7 g of sample was milled by using a dispersing machine (a paint shaker for example) in combination 
with 80 g of glass beads having 5 mm0, the dry milling is conducted for 48 to 72 hours. 

[0047] The other novel polymorph of the mixed crystal comprising ^-oxo-aluminum/galiium Pc dimer (A) (I l-form, 
45 Ill-form, and IV-form) can be obtained by using the Amorphous-form mixed crystal. The Amorphous-form mixed crystal 
is wet milled or simply dispersed in the specif ic solvent at room or raised temperature, to obtain the mixed crystal which 
has the specific polymorph of the present invention. 

[0048] The wording "wet mill" or "wet milling" of the present specification means the step in which a solid substance 
is milled by using a solvent. Wet milling is conducted in substantially the same manner as that of the dry milling, except 
so using a solvent. Thus, a mill medium such as glass beads, steel beads, and alumina beads may be employed in the wet 
milling. The wording "simply disperse" or "simply dispersing" means the step in which a solid substance is dispersed 
with stirring into a solvent. 

[0049] A solvent employed in the present invention does not have to dissolve ^-oxo-metal Pc dimer. The solvent is 
selected, depending on a kind off the polymorph which is desired. It is generally selected from the group consisting of 
55 a ketone sotvent an alcohol solvent, an ether solvent, a (form)amide solvent, an aromatic solvent, a glycol solvent, a 
pynolidone solvent, and an acetate solvent. 

[0050] Examples of the ketone solvent include linear or cyclic ketones such as cyciohexanone, diisopropyl ketone, 
methyl ethyl ketone (MEK), methyl isobutyl ketone (MIBK). Examples of the alcohol solvent include monohydric lower 
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™ i P^mniP* of the solvent used tor preparing l-form mixed crystal of the present invention include an aromatic 
SJS^CSS— ch.oronaphtna.ene. bromonap*thalene. and qu.no- 

^^SX^T^T^^ tor preparing ..toon mixed crystal of the present invention include a Ketone 
solvent oreterably cyclic ketone such as cyclohexanone. more preferably cydohexanone. 

P 1SS,Zof ,he solvent used for preparing ...-form mixed crystajot the preserrt ^SSSSSSt 
S suchasDMF. dimethylacetoamide. and N-metrytpyrrofidone. or a cycbc or a hnear ether solvent such as THF. 

St hav^S .ess than 5 carbon atoms, preferably monohydric alcohol such as amy. alcohol, hexy. alcohol, and 
S^enS tor preparing the mixed crysta. having the polymcph Mt« ■■- 

- ^^^^T^^Zfr^ the mixed crysta. having the polymorph different « 
' S^torm^^tonTofte ple^nt invent, inctode a (polyethylene glycol dialky. ether solvent, preferably d,o- 

^VtornCand IV-form of the present invention, include an alkylene glycol monoalkyl ^^^f^*^ s 
a yCe gly^monomethy. ether, ethylene g.ycol monoethy. ether, and propylene glycol monomethy. ether. Preferred is 

SsT "^L^SX Svtnt used tor preparing the mixed crysta, h^toe ^^^J^- 
toW Hl-torm^nd IV-torm. of the present invention, include a tower alcohol solvent such as methanol, ethanol. propa 

_ iS °Kr miB ing or simply dispersing is continued by using the above described specific solvent until poly 

SIS of thrn^cS^T^gen^ally 5 to 50 hours, preferably 10 to 20 hours at from rcom temperature 
up^eCeZ^^^e I conducted less than 5 hours, formation ot£e polymorph becomes 
^rri«rt ^d~en H the step ts conducted more than 50 hours, useful effect may not be obtained. 
Sr i^lSl * used as the solvent ^^Zl^Tn^ " 
LnriJrt«J with refluxinq for about 15 to 30 hours to obtain l-form mixed crystal of the present invention 
S£f X^SS™ * used as the solvent, wet ^^^'^^^ * ^ 

ducted tor about 30 to 40 hours to obtain ll-form mixed crystal polymorph of ^presentjnvention 
mam When DMF is used as the solvent, simply dispersing of Amorphous-form moced crystal is conducted at room 
temperature for about 10 to 12 hours to obtain Ill-form mixed crystal of the P^ert .nvention. 
TO063] When THF is used as the solvent simply dispersing of Amorphous-form moced crystal is conducted wrth 
refluxing for about 10 to 12 hours to obtain til-form mixed crystal of the present invention ^ [Vlllrtpd 
rSX WTl-hexanol is used as the solvent, simply dispersing of Amorphous-form rmxed crystal is conducted 
with refluxing for about 10 hours to obtain IV-form mixed crystal of the present invention , . lniim - 

S ^ ,-oxo-a.uminum/ga.tium Pc dimer, and the mixed crystal comprismg toe ^^'""^f^ ^ 
so Sn? are useful as a charge generating material for a photoconductive materia, which may be wxtely applied to an 
anoaratijs exemolifving the electrophotographic art, such as a copying machine. , 
K5P ^noSuctive material ^comprises the ^xc-aluminunrvgallium Pc dimer. and 
KUent iSe^s Satxe for use as a charge generating layer of an ^^^LXhSoS 
shows good charging property, low. middle and high photoresponse. and high durabilrty (durab.lrty of photoresponse 

K EST"*" tSSSSSSio photoreceptor generally has a conductive substrate, and a photocorrfuctivejayer 
ES JISS a'charge gyrating materia, and a charge «-^J^^^u^ 
tive layer may be classified depending on its structure, i.e.. a mono-layered one and a b.-layered one. The n-oxc-aium. 
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num/gallium Pc dimer^Je mixed crystal of the present invention may be er^P* in both the mono-layered 
photoconducbve layer and the bi-layered photoconductive layer. 

[0068] However, it is preferred that they are applied to the bi-layeredphotoconductive layerbecause each of the lay- 
ers in the bi-tayered photoconductive layer do not inhibit the respective functions, and they eff centiy transfer the gen- 
erated charge to a surface of the electrophotographic photoreceptor without trapping the charge and therefore, 
electronic properties of the n-oxo-aluminum/gallium Pc dimer or of the mixed crystal may sufficiently be exhibited. The 
electrophotographic photoreceptor which has bi-layered construction is generally called as a functional separated-type 

m069] eCeP !he functional separated-type photoreceptor is prepared by. for example, forming a charge generating layer 
on a conductive substrate, and forming a charge transporting layer thereon. Examples of the coriduchve substrate 
include metal (e.g.. aluminium, nickel), metal vapor-deposited film, and the like, in the form of a drum, a sheet ora belt 
[00701 The n-oxc-aluminunVgallium Pc dimer or the mixed crystal of the present invention may be included as a 
charge generating material in the charge generating layer. The charge generating layer is formed as a thin ayerontte 
conductive siijstrate. It can be formed by vapor-depositing the n-oxo-alummum/galiium Pc dimer. but is generally 
formed by applying a binder resin dispersion of the dimer. The binder resin dispersion may be prepared by dispersing 
the fi-oxo-aluminum/gaUium Pc dimer into a solution of a suitable binder resin, using a usual dispersing apparatus such 
as a ball mill, a sand mill, a paint shaker, and the like. 

[00711 A process for coating the binder resin dispersion is not specifically limited, and suitably include bar coating, 
dip coating, spin coating, roller coating, calendar coating, and the like. The coated layer may be dried at a temperature 
of 30 to 200°C for 5 minutes to 2 hours in the presence or absence of arr blasting. 

mam A solvent optionally be employed for preparing the dispersion. The solvent employed m the present invention 
is not particularly limited unless it solves M -oxo-alumiruim/gallium Pc dimer. However, a solvent whrch may disperse M - 
oxo-alurrtrwrrvgallium Pc dimer uniformly and may solve the binder resin, is preferred. Examples thereof include atao- 
hol solvents such as methanol, ethanol. isopropanol. and butanol: aromatic solvents such as toluene, xytene and tetra- 
lin- halogenated solvents such as dichloromethane. chloroform, trichloroethylene and carbon tetrachlor.de: ester 
solvents such as ethyl acetate and propyl acetate: ether solvents such as ethylene glycol monoethyi ether, dioxane and 
tetrahydroturan; cfimethyttormamide and dimethyl sulfoxide . .„ 

r0O731 The binder resin can be selected from a wide range of insulating resins. Examples of the preferred resin 
include condensation resins such as polycarbonate, polyester, polyamide. and polyarylate; addition polymers such as 
polystyrene, pdyacrylate. styrene-acrylic copolymer, polyacrytamfcte, polymethacryiate. polyvinyl butyra! polyvmyl 
aTcohol. polyaayionitrile. potyacrylic-butadiene copolymer, polyvinyl chloride and vinyl chtonde-vinyl acetate copoly- 
mer; organic photoconductive resins such as poly-M-vinyl carbazote and polyvinylanthracene: polysu tone, polyether 
suftone. silicone resin, epoxy resin and urethane resin. These are used alone or in combination hereof 
[0074] The binder resin is enployed in an amount of from 0.1 to 3.0 ratio by weight, preferably 0.5 to 2.0 by weight 
based on the charge generating material. When the amount is more than 3.0. the amount of charge decn^ses^ 
photoresponse of the photoconductive layer becomes poor. The charge generating layer is preferably formed in a thick- 
ness of from 0.05 to 5.0 urn. preferably 0.1 to 3.0 pm. When the thickness is more than 5.0 pm. charge may readily be 
trapped, and photoresponse of the photoconductive layer becomes poor. The thickness is generally not more than 1 0 

40 [0075] A charge transporting layer containing a charge transporting material is then formed on the charge generat- 
ing layer This layer may be formed in the same manner as described above, for forming the charge generating layer. 
That te. a charge transporting material is dissolved in a solvent with a binder resin, and the resorting solution is uniformly 
applied on the charge generating layer, followed by drying. 

[0076] Examples of the charge transporting material include conventional materials such as an oxazole derivative, 
45 an oxadiazole derivative, a pyrazoline derivative, a hydrazone derivative, a hydrazine derivative, a triazine derivative, a 
quinazoline derivative, a triarylamine compound, a styryttriphenylamine compound, a butadiene compound, a carba- 
zole compound, and a benzofuran compound. 

[0077] Specific examples of the charge transporting material include the compounds of the following formulae: 

50 
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H 3 C. 



a 



N — N=C 




The compounds are available from Fuji Photofilm Ca Ltd.. as "CT-501 (trade name)", and -CT-504 (trade name)". 
S^Tm*- of the binder resin and solvent tor the charge transporting layer include the same materia* as 
ST*£££S: ^^^amount of from 0.1 to 5.0 ratio by w^ght prefora«y 0.5 «** 
53 baslo o^me c^ge toting material When the -^^l^^^Z^^ 
Sporting materia, in the charge transporting layer becomes small, and ^>r«ponse of ^^^^ 
blames ooor The charge transporting layer is preferably formed in a thickness of from 5 to 100 fim. Preferably 
^^.Xen^eSessTShan 100^ long time is required for transpo^ the charge, and the charge 
mav readily be trapped and Thereby photoresponse of the pnotoconductrve layer becomes poor. 

Sent eg. anamine compound, and a phenol compound, an aging mhibrbng agent such as a UV absomer. e.g.. aben 
zophenone compound. 

FXAMPLES 

10081] The following Examples and Comparative Examples further illustrate the present invention in detail but are 
K£T "TTx^rac^ 5 ^^ a-ray was measured by using the automatic X-ray drHraCon system 
"MXP3" manufactured by Max Science Co. Lid- 

c^nthesis Example 1 
Synthesis of chlorogaliium Pc 

&£? DM Tne^Z^cZwas dispersed in 1500 ml of DMF. and relluxed with stirring for 3 hours. The mixture 
Srt fitted an^wastS Sain with iSo ml of hot (1 10'C) DMF and 1000 m. of DMFJhis rxo^u^ was r^eat^ 
^ fimi aS the resulting cake was washed with 1000 ml of methanol and 1000 ml of water, and dned I * 70 to 
E SuJZLX. ch.oroga.lium Pc (yield 73.5%). The results of elemental analyse were shown ,n Table 1 . 
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Table 1 



5 





C 


H 


N 


a 


Ga 


Calculated % 


62.23 


2.61 


18.13 


5.74 


11.29 


Found % 


61.99 


2.44 


17.54 


5.92 


9.99 



io Synthesis E xample 2 

Synthesis of chloroaluminium PC 

[0085] 180.0 g (1.41 mol) of phthalonforile, 900 ml of 1-chloronaphthalene. and 47.0 g (0.353 mo!) of aluminium (III) 
15 chloride were charged in a 2000 ml glass four-necked flask equipped with requisite apparatuses such as a stirrer, a cal- 
cium chloride tube and the like, and the mixture was heated and allowed to reflux with stirring at 240°C for 6 hours. 
Heating was then stopped and the mixture was cooled to about 130°C, and hot filtered and washed with 1800 ml of hot 
(1 00°C) toluene. 80 ml of toluene, 900 ml of acetone. The acetone was then replaced with 1 00 ml of toluene. 
[0086] "The resulting wet cake was dispersed in 750 ml of toluene, and ref luxed with stirring for 3 hours. The mixture 
20 was hot filtered at 100°C, and washed again with 1800 ml of hot (100°C) toluene, 80 ml of toluene, and 900 ml of ace- 
tone. "The acetone was then replaced with 700 ml of toluene. This procedure was repeated three times. 
[0087] The resulting wet cake was dispersed in 750 ml of toluene, and stirred with reftuxing for 3 hours. The mixture 
was hot (100*0) filtered, and washed with 1800 ml of hot (100°C) toluene. 180 ml of toluene, and 900 ml of acetone. 
The acetone was then replaced with 400 ml of water. 
25 [0088] The resulting cake was added to 4500 ml of water, and dispersed with heating at 70°C for 1 hour, hot filtered, 
washed with 900 ml of acetone, and 1000 ml of water, and dried at 70°C to obtain 187.6 g of blue solid chloroaluminium 
Pc (yield 92.5%). The results of elemental analysis were shown in Table 2. 



Table 2 





C 


H 


N 


CI 


Al 


Calculated % 


66.85 


2.81 


19.48 


6.17 


4.69 


Found % 


6256 


3.23 


16.90 


5.98 


4.15 



Example 1 

Synthesis of Morm mixed crystal of ^KSxo-alumirujriVgalliuni Pc dimer (Part 1) 

40 

[0089] A mixture of 6.17 g (0.01 mol) of chlorogallium Pc prepared in Synthesis Example 1 , and 5.75 g (0.01 mol) 
of chloroaluminium Pc prepared in Synthesis Example 2, was slowly added to 357 g of concentrated sulfuric acid, with 
controlling a temperature thereof between 0 to 5°C, and the mixture was stirred for 2 hours. The mixture was then slowly 
added to 1400 g of ice and 600 ml of water with stirring so that the temperature is kept not more than 10°C, and dis- 

45 persed for 1 hours after the addition. 

[0090] The mixture was allowed to stand, a supernatant was removed, and filtered. The resulting wet cake was 
washed with 2000 ml of water, and was dispersed in 1800 ml of water, and filtered under reduced pressure. The wet 
cake was washed with 800 ml of water, dispersed in 550 ml of warm water and 66 ml of 25% aqueous ammonia, and 
stirred with ref luxing for 6 hours. The product was filtered again, and the resulting cake was thoroughly washed with 600 

so ml of warm water (60°C), and 1650 ml of ion exchanged water. When pH and eiectroconductivity of a filtrate became 
the level equal to that of ion exchanged water, the cake was dried at 70°C to obtain 10.5 g of blue solid (yield 89.8%). 
[0091 ] 9.0 g of the blue solid was added to 150 ml of o-dichlorobenzene, and the mixture was stirred at a tempera- 
ture between 1 70 to 1 80°C with removing the resulting water for about 1 0 hours. The mixture was hot filtered at 1 30°C, 
washed with 225 ml of hot (1 10°C) DMF. 45 ml of DMF, 90 ml of methanol, and 225 ml of ion exchanged water The 

55 product was dried at 70°C to obtain 8.4 g of l-form mixed crystal of ji-oxo-aiuminum/gallium Pc dimer (yield 95%). The 
results of elemental analysis were shown in Table 3. 
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Table 3 





C 


H 


N 


A) 


Ga 


Calculated % 


67.57 


2.84 


19.69 


2.37 


6.13 


Found % 


66.78 


2.70 


18.63 


2.15 


5.65 



[0092] An infrared absorption spectrum of the product was shown in Fig. 1 . An FD-MS spectrum of the product was 
shown in Fig. 2. Peaks of Fig. 2 show that the resulting l-form mixed crystal comprises u-oxo-ahiminum Pc dimer (B), 
and u-oxo-gallium Pc dimer (C) in addition to u-cxo-alurronum/galiium Pc dimer (A). 
[0093] Conditions for FD-MS analysis (Field Desorption-MS) is shown in Table 4. 

(1) Method for Measurement 
[0094] 

Table 4 

Apparatus: MS JVS-DX303HF (manufactured by JEOL K.K.) 

Conditions: FD method by using a carbon emitter 

Resolution: 1500. or 500; 35 to 1700 M/Z 

Accelerating voltage: 2.5 kV 

Ion multiplier voltage: 1 .6 to 1 .8 kV 

Emitter current 0 to 40 mA 

Cathode voltage: 5.0 kV 

Solvent DMF 

(2) Results: Figure 2 

[0095] In Fig. 2, horizontal axis represents M/Z (ratio of mass to electric charge), and vertical axis represents rela- 
tive abundance. Ion peaks of p-oxo~aluminum/galiium Pc dimer at M/Z=1 137 [M+H] + , of p-oxoaluminum Pc dimer at 
M/Z=1095 [M+H) + , and of ji-oxo-galiium Pc dimer at M7Z=1180 [M+HJ+, were found. 

[0096] Fig. 3 shows XRD spectrum (X-ray diffraction spectrum) of this mixed crystal. The mixed crystal had the pol- 
ymorph which shows diffraction peaks at a Bragg angle (26 ± 0.2°) of 6.6°, 15.2°, 22.5°, 23.0°. and 24.0°. Thus, it is I- 
form mixed crystal. 

Example 2 

Synthesis of Amorphous-form mixed crystal of fi-oxo-aluminum/galiium Pc dimer 

[0097] 7.0 g of the l-form mixed crystal prepared in Example 1 , and 80 g of glass beads having a diameter of 5 mm 
0 were charged in a 140 ml wide-mouthed bottle, and the mixture was dry milled until the specif ic XRD peaks of the I- 
form mixed crystal disappeared, and change of the XRD spectrum came to stop, using a dispersing apparatus (paint 
shaker). When polymorph of the mixed crystal fixed, the glass beads were filtered out, and 6.9 g of blue sold (Amor- 
phous-form mixed crystal) was obtained. 

[0098] An X-ray diffraction spectrum of the product was shown in Fig. 4. Bragg angles of the peaks at XRD spec- 
trum of the product were shown in Table 5. 
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25 



Example 3 

Synthesis of ll-form mixed crystal of ^o^uminum/gaUiurn Pc dimer 

eter of 5 mm0 were added to 30 ml of cyctohexanone, r the beads were removed, washed with 100 

solid (ll-form mixed crystal). Bragg angles of the peaks at XRD spec- 

jo 10100] An X-ray diffraction spectrum of the product was snown in rig. o. c*«yw a 

trum of the product were shown in Table 5. 
Example 4 

« Synthesis of Ill-form mixed crystal of u-oxo-alurrinum/gallium Pc dimer (Part 1) 

trum of the product were shown in Table 5. 
ExampJeJi 

Synthesis of Ill-form mixed crystal of ^-oxo-atuminunVgallium Pc dimer (Part 2) 

,0103] t^ g of the Amorphous-form ^^^^^ e ]^^l ^ rX- ^Te 
gxarrjols 6 

Synthesis of l-form mixed crystal of ^xo-aluminum/gaHium Pc dimer (Part 2) 
,0105] l-OO^Amorphous-^ 

Example 7 

Synthesis of IV-torm mixed crystal of ^-oxo-aluminum/gallium Pc dimer 
(0107] VOgoftheA^ous-formmixrfc^ 

mixture was heated with stirring (simply Aspersed) ^unhl SISSIES dried at50°C under vacuum 

filtered and washed with 100 ml of 1-hexanol. and 100 ml of methanol. The wet cake was anea ax 

sized in Examples 1 to 7. 
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Tables 



Exam. 


Polymorph 


Bragg Angle (29 ±0.2°) 


Fig. 


1.6 


I 


6.6, 15.2, 22.5, 23.0 and 24.0 


3 


2 


Amorphous 


6.9, 15.5. 13.3 and 24.1 


4 


3 


II 


6.8, 9.7, 15.4 and 23.9 


5 


4,5 


111 


6.7,7.3, 9.8,15.3,25.0 and 28.2 


6 


7 


IV 


6.4, 6.7, 9.8 and 23.5 


7 



Examples 8 to 14 

15 [0110] The examples illustrate a Junction separated-type electrophotographic photoreceptor «^ mb^ 
Systal of M-oxo-aluminum/gallium Pc dimer of the present invention was applied as a charge generatng matenal (GG 
material). 

so Example 8 

[01111 0.2 g of the Amorphous-form mixed crystal prepared in Example 2. 0.2 g of a polyvinyl butyral res^LEX 
BH-3- available from Sekisui Kagaku IOC). 59.6 g of cyctohexanone. and 50 g of glass beads ^ng a^ameterrt 3 
mm0 were charged in a wide-mouthed bottle. The mixture was shook tor 1 hour usmg a d.^ers,ng apparatus jpairrt 
& STand applied on an aluminum plate by a bar coater. The coating was dried in a.r to form a charge generatng 

^r^ne^c^^ 

PhotoL Co. Ltd.. as -CT-501 (trade name)" was employed as the < DT matenal a The oompound 
aniino)beriryiidene]-N^(3-mett^^ available from Fuji Photofilm Co. Ltd., as CT504 

30 (trade name)" was employed as the CT materia) b. ^^t, 15> ™ -liable 

[01131 4 5 got the CT material a. or the CT material b. 4.5 g of a polycarbonate resir^PANLIGHTL-1250 avartaWe 
from Teiiin K.K ) and 51.0 g of methylene chloride were charged in a wide-mouthed bottle. The mixture was homoge- 
S *usfng supersonic wave^nTapplied on the charge generating layer by a bar <^^ A ^™*™>" 
L to form a diargetransporting layer having a thickness of 60 ym. Thereby, a bi-layered electrophotographic photore- 

35 ceptor was prepared. 

Fxamoles 9 to 14 

[01141 Electrophotographic photoreceptors were prepared according to substantially the same rnanner as 
« SLd in E^eZZcept mTthe rrtxed crystals obtained in Examples 3 * 70Morrn of Example 3. l«£mof 
Smple 4, IINfomTof Example 5. l-form of Example 6. IV-torm of Example 7) were employed m order as a CO matenal 
instead of the mixed crystal obtained in Example 1 . 
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Comparative Example 1 

roil5] An electrophotographic photoreceptor was prepared according to substantially the same manner as 
S>ed in ExarnpleT^that tte ^aluminum Pc dimer described in Japanese Patent Koka, Publication No. 
217020/1997 was employed as a CG material instead of the mixed crystal obtained in Example V 

Comparative Example 2 

[01161 An electrophotographic photoreceptor was prepared according to substarr^hy the ^me ^ner as 
described in Examples, except that the ^>xo-galiium Pc dimer described in Japanese Patent Koka. Publication No. 
88023/1998 was employed as a CG material instead of the mixed crystal obtained in Example 1. 

Comparative Example 3 

[0117] An electrophotographic photoreceptor was prepared according to substantially the same manner as 
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descrbed in Example 8,^Bt that the x-form tree metal Pc described in Japane^^^nt Kokai Publication No. 
207184/1995 was errployedaTa CG material instead of the mixed crystal obtained in Example 1. 

Evaluation o f Electrophotographic Photoreceptors 

[01 1 8] Electrophotographic properties of the electrophotographic photoreceptors prepared in Examples 8 to 1 4 and 
Comparative Examples 1 to 3 were measured. A static electricity charging tester "EPA-8200" manufactured by 
Kawaguchi Denki K.K. was used as the measuring apparatus. 

[011 9] The sample was corona charged at -8.0 kV in STAT 3 mode by f irst It was then left in the dark for 2.0 sec- 
onds, and irradiated by 5.0 lux white light for 1 0.0 seconds. The initial charged potential (V^aJ , the dark decay rate (%) , 
the residual potential (V r ), and the half-value exposure amount (pohotoresponse) (E 1/2 (uJ/cm 2 )) were measured. 
[01 20] The dark decay rate was calculated according to the following formula: 

Dark decay rate (%) = 100 x (V^ - V^/V^ 

wherein represents the charged potential immediately after charging, V 2 represents the surface potential after 2 
seconds from charging. The results were shown in Table 6. 
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EX. 
Ho. 


CG 


CT* 


(V) 


Dark 
Decay 
(%) 


(V) 


Photo- 
response 
E 1/2 (Ix.s) 


9 


Amor- 


a 


-540.7 


13.69 


-28 . 3 


4.19 


phous 
(Ex. 2) 


b 


-513 .7 


13.95 


-17.7 


4.47 


10 


II 


a 


-324.0 


19.76 


-53.7 


- 


(Ex. 3) 


b 


-306.7 


21.28 


-6.7 


- 


11 


III 
(Ex. 4) 


a 


-152.7 


40.61 


-2.3 


1.75 


b 


-175.0 


43.83 


-1.7 


1.48 




III 
(Ex. 5) 


a 


-444 .0 


21 .28 


-9.3 


2.01 


b 


-455.0 


18.73 


-2.0 


2.42 


13 


I 

(Ex. 6) 


a 


-529.7 


11.58 


-48.7 


- 


b 


-486.3 


14.75 


-49.0 


- 


14 


IV 
(Ex. 7) 


a 


-228.7 


14.43 


-5.0 


2.67 


b 


-213.3 


17.51 


-1.7 


2.64 


C.Ex. 
1 


AlPc 
dimer 


a 


-412.0 


26.10 


-24.0 


3.21 


b 


-443.3 


23.20 


-18.0 


3.27 


c 


-356.3 


34 .00 


-30.7 


3.28 


C.Ex. 
2 


GaPc 
dimer 


a 


-576.0 


12.97 


-4.3 


1.40 


b 


-515.7 


20.40 


-3.3 


1.35 


c 


-559.3 


16.33 


-18.0 


1.44 


C.Ex. 
3 


X -form 
H 2 Pc 


a 


-491.7 


12.40 


-7.0 


2.85 


b 


-492.7 


17.90 


-2.3 


3.06 


c 


-606.7 


15.00 


-9.7 


2.85 



*CT materials are as follows: 



a : p- {N, N 1 -diphenylamino ) benzaldehyde-N f -methyl -N f - 

phenylhydrazone available from Fuji Photofilm Co. Ltd. 
as "CT-501 (trade name)" 

b : N- [p- (diethylamino) benzylidene] -N f - ( 3 -me thy 1-2- 
benzothiazolidene) hydrazine available from Fuji 
Photofilm Co. Ltd., as "CT-504 (trade name)" 
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c : 4-benzylamino-2-met:hylbenzaldehyde-l / 1 1 - 

diphenylhydrazone available from Takasa Koryo as 
s "CTC-191 (trade .name) n 

[0121] Spectral response of the electrophotographic photoreceptors prepared in Examples 8 (a), 1 1 (a), Compara- 
io tive Examples 1 (b),2 (a), 3 (c) was measured according to substantially the same manner as described above, except 
that the wavelength of irradiation light was altered from 450 to 900 nm at 50 nm or 25 nm interval by employing a band- 
pass interference filter. The exposure energy was set to 1.00 uW. The initial charged potential (V max ), and half-value 
exposure amount (photoresponse) (E 1/2 ) at the respective wavelengths were measured. The results were shown in Fig. 
8. 

is [0122] Additionally, durability of the electrophotographic photoreceptors prepared in Examples 8 (a), 1 1 (a). Com- 
parative Examples 1 (b), 2 (a), 3 (c) was tested, by using the static electricity charging tester "EPA-8200" set to the dura- 
bility testing mode. The electrophotographic photoreceptors were charged repeatedly 100 times, and alternation of the 
initial charged potential (V^, and half-value exposure amount (photoresponse) (E 1/2 ) was measured. The results 
were shown in Figs. 9 and 10. 

20 [01 23] As a result it is conf irmed that the p-oxo-aluminum/gallium Pc dimer, and the mixed crystals comprising the 
^Hwc-alurriinum/gallium Pc cfimer show the electroconductive properties excellent in stability and durability suitable for 
an OPC having low to middle photoresponse. and they are useful for a charge generating material for an electrophoto- 
graphic photoreceptor. 

[0124] The mixed crystal of the present invention, particularly Ill-form mixed crystal is excellent in durability of pho- 
25 toresponse and durability of electric potential by comparison with the x-f°rm free metal Pc, and it is particularly useful 
for a charge generating material for an electrophotographic photoreceptor. 

Claims 

30 1 . ^-Oxo-aluminum/gallium phthalocyanine dimer having a structure of the formula (A) : 




45 



2. A mixed crystal comprising the ^-oxo-aluminum/gallium phthalocyanine dimer of claim 1 (A). 

50 

3. The mixed crystal according to claim 2, further comprising u-oxo-aluminum phthalocyanine dimer (B), or n-cxo-gal- 
lium phthalocyanine dimer (C); or both u-oxo-aluminum phthalocyanine dimer (B), and n-oxogallium phthalocya- 
nine dimer (C): 

55 



15 





(Q 



4 The nixed crystal according to claim 2, having a polymorph which shows diffraction peate at a Bragg angle (2 e ± 
0.2°) of 6.6°, 15.2*. 22.5°, 23.0" and 24.0° in an X-ray diffraction spectrum by CuK o-ray [i-torm]. 

5. The mixed crystal according to claim 2. having a polymorph which shews diffraction peaks at a Bragg angle (2 6 ± 
0.2°) of 6.8°. 9.7°. 15.4° and 23.9° in an X-ray diffraction spectrum by CuK o-ray [ll-form). 

6. The mixed crystal according to claim 2. having a polymorph which shows diffraction peaks at a Bragg angle (2 0 ± 
0.2°) of 6.7°. 7.3°. 9.8°. 15.3°, 25.0° and 28.2" in an X-ray diffraction spectrum by CuK a-ray p-form]. 

7. The mixed crystal according to claim 2. having a polymorph which shows dffiractior , peaks at a Bragg angle (2 e ± 
0.2°) of 6.4°. 6.7°. 9.8° and 23.5° in an X-ray diffraction spectrum by CuK a-ray [IV-torm). 

8. The mixed crystal according to claim 2. having a polymorph which shows paata > at a Bragg angle (2 e ± 
0.2°) of 6.9°. 15.5°. 13.3° and 24.1° in an X-ray diffraction spectrum by CuK a-ray [Amorphous-form]. 

9 The mixed crystal according to claim 2. wherein the content of p-oxo-aluminunvgaliium phthalocyanine dimer (A) 
^^t^^^l^u^^^ne dimer (B). and larger than the content of ^xo-gal.,um 

phthalocyanine dimer (C). 

10. A charge generating material tor use in an electrophotographic photoreceptor consisting of the mixed crystal 
according to any one of claims 2 to 9. 
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11. 



A process for prepai 




crystal comprising ja-oxo-aluminum/gallium phthj 




line dimer (A), which com- 



prises the steps of ; 

obtaining chloroaluminium phthaiocyanine and chiorogallium phthalocyanine; 
mixing the chloroaluminium phthalocyanine and the chiorogaliium phthaiocyanine; 

conducting acid pasting of the mixture of chloroaluminium phthalocyanine and chiorogaliium phthalocyanine by 
using concentrated sulfuric acid; and 

heating and dehydrating the mixture in a water-immiscible organic solvent. 

12. The process according to claim 1 1 , wherein the mixing ratio of chloroaluminium phthalocyanine and chiorogaliium 
phthalocyanine is 1/1 by moL 

13. A process for preparing the Amorphous-form mixed crystal of claim 8, which comprises the step of: dry milling the 
mixed crystal obtained by the process according to claim 1 1 . 

14. A process for preparing the Morm mixed crystal of claim 4, which comprises the step of: dispersing or wet milling 
the amorphous-form mixed crystal obtained by the process according to claim 13 in chloronaphthaiene. 

1 5. A process for preparing the mixed crystal of any one of claims 5 to 7 (ll-form, Ill-form, or IV-form) which comprises 
the step at dispersing or wet milling the amorphous-form mixed crystal obtained by the process according to claim 
1 3 in an organic solvent 

1 6. An electrophotographic photoreceptor comprising the ^-oxo-aluminum/gallium phthalocyanine dimer (A) of claim 1 . 

17. An electrophotographic photoreceptor comprising the charge generating material of claim 10. 



17 



EP 1 004 634 A2 



Fig. 1 
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Fig . 6 
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Fig. 7 
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Fig. 8 

Spectral Response 
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Fig- 9 

Durability of Photoresponse 
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Fig, 10 

Durability of Surface Potential 
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